Using a few highly selective quotations from internal tobacco company memos, they allege, inter alia, that the tobacco industry has changed the method to suit its own needs, that because humans do not smoke like machines the standards are of little value, and that the tobacco industry has unjustifiably made health claims about low "tar" cigarettes. The objectives of this paper are to review the development of smoking-machine methodology and standards, involvement of relative parties, outline the significance of the results and explore the validity of BIALOUS and YACH's claims. The large volume of published scientific information on the subject together with other information in the public domain has been consulted. When this information is taken into account it becomes obvious that the very narrow and restricted literature base of BIALOUS and YACH's analysis has resulted in them, perhaps inadvertedly, making factual errors, drawing wrong conclusions and writing inaccurate statements on many aspects of the subject. The first smoking-machine standard was specified by the Federal Trade Commission (FTC), a federal government agency in the USA, in 1966. The CORESTA Recommended Method, similar in many aspects to that of the FTC, was developed in the late 1960s and published in 1969. Small differences in the butt lengths, smoke collection and analytical procedures in methods used in various countries including Germany, Canada and the UK, developed later, resulted in about a 10% difference in smoke "tar" yields. These differences in methodology were harmonised in a common International Organisation for Standardisation (ISO) Standard Method in 1991, after a considerable amount of interlaboratory comparisons of the developing methodology had been undertaken by CORESTA. As acknowledged by BIALOUS and YACH, the purpose of the standards is to determine the "tar", nicotine and carbon monoxide content of cigarette smoke when the cigarette is smoked under precisely defined conditions, and hence to allow a comparison of the yields from different cigarettes when smoked under identical conditions. Such yields are not predictive of the yields humans obtain when smoking, nor were they ever expected to be so, since no two smokers smoke exactly the same nor does a smoker smoke a cigarette the same way on every occasion. This purpose has been stated consistently many times, originally by the FTC in 1967 and subsequently in the scientific literature, published by the tobacco industry and health/regulatory authorities, over the last 35 years.
DOI: 10.2478/cttr-2013-0728
From the 1950s onwards numerous public health scientists have advocated that lower "tar" cigarettes should be developed on the grounds that they may reduce to some extent the risks of smoking, while at the same time advocating that the best way to avoid risks is not to smoke. Some health authorities have used the standard machine-smoking yields to set limits on "tar" as a way of reducing the health impact of cigarette use. The tobacco industry has co-operated with these health authorities by developing cigarettes with lower "tar" but has also followed public health advice by not advertising lower "tar" cigarettes as safe cigarettes. The available evidence, taken as a whole, indicates that compensation by smokers who switch from a high to a low "tar" cigarette is partial in the short term, and that such smokers do obtain a reduction in smoke component uptake.
[ (1a,1b) . However, they dismiss the criticisms and claim they indicate an "incomplete reading" of their paper (1c) . The purposes of this paper are to: a) Review the development of smoking-machine methodology and standards. b) Describe the involvement of relevant parties. c) Outline the significance of results obtained using the standards. d) Explore the validity of some of BIALOUS and YACH's allegations. It is hoped that these topics will be put into a more valid historical perspective.
CLAIMS FROM BIALOUS AND YACH'S PAPER
Although many points and implications are made by BIALOUS and YACH, the main, broad assertions from their analysis are as follows: a) All cigarette smoking-machine standards (FTC, ISO, German DIN, etc.) are based on the CORESTA method, developed by tobacco industry scientists only.
b) The tobacco industry, through CORESTA, has changed the standard methodology in order to lower smoke yields and get around government regulations, specifically the European "tar" ceiling directives. c) Since humans do not smoke like machines, "tar" and nicotine yields obtained from a smoking machine are of no value and low "tar" cigarette designs are developed to cheat the smoking machine. d) The tobacco industry uses labels such as "low tar" and "light" to imply unjustifiably that such cigarettes are less hazardous than higher "tar" cigarettes.
FACTORS RELEVANT TO THE DEVELOPMENT OF SMOKING-MACHINE METHODOLOGY
The purpose of this section is not to exhaustively review all the factors involved in the development of standards for smoking-machine methodology. Rather, it is to indicate topics which need to be considered, and some of the technical issues which arose during the time that the methods were under development.
Smoking machines of one sort or another have been used for almost 100 years to collect smoke for subsequent analysis. There are three essential elements and requirements for a smoking-machine method for such work:
a) It should enable the cigarette to be smoked mechanically under specified conditions in a reproducible and controlled manner. b) The smoke should be collected quantitatively and consistently. c) The smoke should be analysed in a reproducible manner.
WYNDER and HOFFMANN (2) and DEBARDELEBEN et al. (3) have described the early development of smoking machines. The first reported devices in Germany and by the US Department of Agriculture in the early 1900s used continuous suction to mechanically smoke the cigarette. This was followed by the use of interrupted suction to simulate the puff/smoulder regime of human smoking. In the early machines the suction was interrupted manually, but by the 1920s and early 1930s automatic timing devices were developed. The smoking machine took puffs at either constant volume or constant duration at set intervals. In 1933 PFYL (4) recognised the need to standardise "the artificial smoking of tobacco products" and developed a machine following observations with seven human smokers who took puff volumes varying between 27 and 61 mL. However, the first widely-used smoking machine was described by BRADFORD et al. in 1936 (5 (9) . In this method the mainstream smoke exiting from the mouthend of the cigarette is immediately drawn through a Cambridge filter pad, number CM-113 (a glass fibre filter stabilised by an organic binder, originally manufactured by the Cambridge Filter Corporation, Syracuse, New York). This filter traps the particles present in the cigarette smoke aerosol and is 99.9% efficient for particles larger than 0.1 µm in diameter. The Cambridge filter pad has gained widespread use for trapping the particulate phase of smoke and separating it from the vapour phase. However, the trapping efficiency of a Cambridge filter is a function of a number of factors, including the nature and amount of material being collected, the flow through the filter, the temperature and moisture level of the filter (10), as well as the condition of the cigarette at the time of smoking (moisture content, etc.). However, these factors have been controlled by careful selection of the Cambridge filter parameters. The final consideration in the development of smokingmachine methodology is the analysis of the smoke collected. To date, standards have been developed for the analysis of the "tar", nicotine and carbon monoxide content of the smoke. "Tar" is defined as the weight of total particulate matter (TPM) collected in the smoke less the weight of nicotine and water. In principle TPM is a simple measurement which can be quantified by the weight of particulate matter collected on the smoke trapping device. The determination of water and nicotine in the particulate matter is more complex since there are several methods for each substance and each may give slightly different answers. The following methods have been proposed for the determination of the water content of TPM, with the date of the first report in the scientific literature given:
Karl Fischer titration, 1960 (11) Near infrared spectrophotometry, 1961 (12) Gas chromatography, 1962 (13) .
Many studies are reported in the smoke chemistry literature which compare values obtained by determinations with the above methods, and which also report modifications to these methods. The following methods have been proposed for the determination of nicotine, with the date of the first report in the scientific literature given:
Steam distillation followed by treatment with silicotungstic acid, 1939 (14) Ultraviolet spectrophotometry, 1950 (15) "Griffith still" -improved distillation method adopted by many analytical laboratories, 1948 (16) There is also a large volume of published papers on modifications to the above methods and comparisons of values obtained using them.
In the development of any standardised method, all of the many methods available have to be carefully compared and the most suitable selected.
DEVELOPMENT OF THE STANDARDS
'Standards' are documented agreements containing technical specifications or concise criteria to be used consistently as rules guidelines. By the 1960s there was a variety of smoking-machine devices, smoke collection systems and smoke analytical methods available, each giving slightly different results. A large number of combinations of these three elements was possible so that almost every smoke laboratory world-wide had its own unique methodology, all producing smoke analytical data that were not properly comparable. The need for standardised smoking-machine methodology was urgently needed, as pointed out by WYNDER and HOFFMANN in 1967 (2).
Development by the Federal Trade Commission in the USA
The Federal Trade Commission (FTC) in the USA is a federal government agency that enforces a variety of federal antitrust and consumer protection laws. The Federal Cigarette Labelling and Advertising Act of 1966 requires the FTC to submit annual reports to Congress on cigarette labelling, advertising practices and recommendations for legislation. The events leading to the development of the FTC smoking method in the USA have been described in detail in separate reviews by PEELER (22) of the FTC, RODGMAN (23) and BORGERDING (24) . Several dose-response studies and statements from government and health scientists in the 1950s and 1960s indicated that smoking lower "tar" cigarettes might be a less hazardous form of smoking (see Section 6 below). The FTC proposed that the consumer should be aware of the "tar" yields of marketed cigarettes in order to make an informed choice. Consequently, US cigarette manufacturers designed and manufactured cigarettes over a range of "tar" values, and advertised the "tar" values, each company using its own unique combination of smoking-machine methodology to measure the "tar". However, according to PEELER (22) , this produced "a multitude of inconsistent non-comparable claims that did not give the consumer a meaningful opportunity to assess the relative tar delivery of competing brands."
In the absence of a standardised method the US cigarette manufacturers agreed with the FTC to eliminate "tar" and nicotine values from advertising in 1960.
The publication of the report of the US Surgeon General's committee that considered smoking and health in 1964 (25) gave the FTC impetus to develop standardised smokingmachine methodology to implement a labelling system for the "tar" and nicotine yields of US cigarette brands. On 25 March 1966 the FTC sent identical letters to each of the US cigarette manufacturers indicating that it intended to set up a standardised smoking-machine method (26) . It also set up its own FTC Tobacco Research Laboratory in that year. The FTC then vigorously pursued its own implementation of methodology which it considered appropriate, guided of course by work that had already been undertaken in the tobacco industry laboratories and by the work of others. (31) , extending it to 122 brands in the following year. A subsequent collaborative study performed by ten laboratories showed good agreement for cigarettes that yielded less than 20 mg "tar" and 1 mg nicotine (32) . In 1970 the US tobacco industry agreed with the FTC to include the FTC "tar" and nicotine yields of its brands in all advertising. The FTC added the determination of carbon monoxide in cigarette smoke to its methodology in 1981 (33) . The FTC stated very clearly the purpose of their standard smoking methodology: to rank cigarette brands by mainstream yields of "tar", nicotine and subsequently carbon monoxide, generated under standard and reproducible conditions (31, 33) . During the period in the mid 1960s when the FTC was deliberating and setting up its method, the US tobacco industry provided the FTC with various comments and criticisms of the method, in some instances accompanied by laboratory data to support the validity of the comments (23) . These comments included the following:
"Tar" and nicotine yields obtained under standard machine smoking would not inform the smoker of the precise amounts of "tar" or nicotine that they would receive during their smoking of the cigarette. Individual smokers do not smoke with the same parameters as the standard method and the number of puffs taken varies from smoker to smoker. Indeed, ADAMS (34) , at that time a scientist with Imperial The FTC acknowledged these comments (29) but was not able to take all of them into account during its method development. The US tobacco companies subsequently performed a detailed collaborative study on the FTC procedure (35) . Several small procedural changes were recommended and in the publication it was reiterated that "Cigarette smokers vary greatly in their manner of smoking . . ."
Developments by national standards institutes, CORESTA and ISO
In parallel to activities in the USA, national standards institutes in various countries also developed their own standard smoking methods. In the UK the smoking-machine parameters used originally in 1958 were a 25 mL puff of 2 s duration taken once per minute to a butt length of 18 mm (36). These machine parameters gave the same puff number and butt length as the average acquired from a survey of 312 UK smokers. In 1970 the standard puff volume used in the UK was changed to 35 mL, and the butt length was changed to 20 mm, based on market research (37) . These changes in the smoking machine parameters produced no change in the ranking of "tar" and nicotine yields of British cigarettes. The resultant standard method used in the UK was published by the UK Tobacco Research Council in 1972 (38) and is summarised in Table 1 , although they were both superseded by the ISO methods (41) after 1991. The British and German methods originally differed in the make of smoking machine used (Filtrona linear machines in the UK and Borgwaldt rotary machines in Germany), the method of smoke collection (Cambridge filter pad in the UK and electrostatic precipitation in Germany) and the butt length at which the machine smoking was stopped. The original smoking parameters specified in Canada, Australia, New Zealand and Japan are summarised in Table  1 (27) , and subsequently adopted by the FTC in 1966 (28). In no way did the tobacco industry have any control of the FTC's adoption of these parameters. These puffing parameters were subsequently adopted by national standards bodies, CORESTA and ISO, presumably to retain consistency with the USA. Two issues occurred in the 1980s which necessitated further developments of the standard methods. One was the so-called "Barclay conflict" and the other was the requirement to harmonise the small differences in the standard methodology. These will be dealt with respectively in the next two sections.
The Barclay conflict
In 1980 the Brown and Williamson Tobacco Corporation, the American company in the British American Tobacco Group, launched a new cigarette brand in the USA, Barclay. This cigarette had a novel filter which incorporated four axial channels along its periphery and opening at the mouth end of the cigarette. In combination with a ventilation zone, this filter allowed an influx of a large amount of air during smoking. Under the FTC machine-smoking conditions this cigarette generated a very low "tar" yield of 1 mg. However, scientists in other tobacco companies believed that this yield gave an unfair comparison to the yield obtained from all other cigarettes when smoked under the FTC smoking conditions. They argued that the lips of a real smoker of Barclay would crush the channels or block the mouth end of the channels, thereby destroying the ventilation system and obtaining a higher "tar" yield than under the machine-smoking conditions. This resulted in protracted arguments between tobacco companies, as well as court action, on how to compare fairly the yield of "tar" and nicotine from Barclay under standard machine-smoking conditions with that from other cigarettes. In 1983 the FTC declared that the testing of channel-ventilated filter cigarettes was outside the scope of its method (22) . The situation was eventually resolved within CORESTA, where a Task Force was set up in 1986 to determine how the smoke yields from cigarettes with channel-ventilated filters could be compared fairly to other cigarettes in the standard smoking methodology (in the CORESTA forum this was the CORESTA method (42), which was very similar to the FTC method -see Table 1 ). As a result of this work, the CORESTA smoking method was subsequently modified in 1989 (46) by incorporating a special cigarette holder which sealed the channel openings at the mouth end of the filter. This modification to the methodology increased the standard machine "tar" yield of Barclay from 1 to 5 mg. This was considered to be a more realistic comparison to the standard machine yields from other cigarettes. It should be noted that the above arguments apply to channel-ventilated filter cigarettes only. The extent to which real smokers may inadvertently block the ventilation zone of a conventionally-ventilated cigarette with their lips or fingers, and the consequences on smoke yields, have been discussed in the scientific literature for twenty years. A recent review of the subject, by BAKER and LEWIS (47) , has concluded that the relatively small incidence of ventilation zone blocking, as it occurs in practice amongst smokers, has only a relatively minor effect on human smoke yields compared to other smoker behaviour factors.
Harmonisation of smoking-machine standards
By the late 1980s various standard methods were in use around the world for determining the levels of "tar", nicotine and carbon monoxide in cigarette smoke, including the FTC, ISO and CORESTA methods and those used by authorities in the UK, Germany, Canada, Australia, New Zealand and Japan (Table 1 ). These methods were effectively identical in the puffing parameters used but differed in the type of smoking machine used, the butt length specified, the method of collection of the smoke particulate phase and in some aspects of the analytical methodology. In addition, it was realised that the air flow conditions around the cigarettes on rotary and linear smoking machines differed. Such differences affect the burning rate of the cigarette and hence the smoke yields. When the smoke yields of identical cigarettes were determined with these various methods, small differences were observed (48):
ISO= CORESTA > UK > FTC > DIN > Canada = Australia = New Zealand = Japan
The differences from the highest to lowest values were of the order of 10% and this is equivalent to a 1.5 mg difference for a cigarette yielding 15 mg "tar". In 1988 the European Economic Community indicated that it would set a 15 mg "tar" ceiling on all cigarettes sold in Europe from 1993, as a first step in reducing it to 12 mg in 1997. This was issued as an official directive to all Member States in 1990 (49) . One consequence of this could be, for example, that the "tar" yield of a cigarette measured in Britain using the UK method could be above 15 mg while that of the same cigarette measured in Germany using the DIN method could be below 15 mg. This was clearly illogical and a standard, common method was needed across Europe. In addition, there is a requirement in ISO that its standard methods should be reviewed every five years and revised if necessary. Based on the type of differences outlined above, in 1988 ISO decided that there was a need to revise the standard smoking methods used world-wide and produce a single standard method. ISO asked CORESTA to undertake the necessary experimental work to produce a revised standard. THOMSEN (48) has described the subsequent very large amount of experimental work and collaborative experiments undertaken by CORESTA between 1989 and 1992. The standard method developed is a very comprehensive set of procedures which describe exactly how the cigarettes should be sampled from the market place, environmentally conditioned prior to machine smoking, the environmental conditions (temperature, relative humidity and air flow) during the smoking, exact setting up and operation procedure for the smoking machines as well as details of the collection and chemical analysis of the smoke (summarised in Table 1 ). The key changes to the revised ISO methodology were that: (i) the smoke particulate matter collection was done by the Cambridge filter pad method only (rather than by either the Cambridge pad [44] or electrostatic precipitation [45] ), and (ii) the air flow conditions around the cigarettes during smoking were precisely stipulated. The procedures were accepted by ISO in 1991 as the standard method. The German DIN and British BSI methods then became verbatim equivalent to the ISO Standards. The standards used in Canada, Australia and New Zealand were also superseded by the revised ISO method. In response to the revised ISO Standard, the two manufacturers of smoking machines, Filtona in the UK and Borgwaldt in Germany, made changes to the cabinets surrounding the smoking machines to better regulate the air flow conditions around the cigarettes. As a result of various national bodies changing from their own standard to the revised ISO Standard in the early 1990s, machine smoke yields of some brands determined in the UK decreased by up to 0.5 mg "tar", while smoke yields determined in Canada, Australia and New Zealand increased by up to 3 mg "tar" for some brands.
It is a requirement of ISO that its standards should be tested in a collaborative study in which the repeatability (r, within-laboratory precision) and reproducibility (R, amonglaboratories precision) are measured to a prescribed statistical procedure (50) . The CORESTA Task Force undertaking this work conducted its collaborative study of the method with six types of cigarette with "tar" yields varying from 1 to 17 mg, and amongst 29 laboratories from 15 countries. This was the largest and most comprehensive collaborative study ever undertaken in CORESTA and its detailed results were published in 1991 (51) . Following the ISO requirement that its standards are revised, if necessary, every five years, some minor changes were also made to the written methods in 1996 and published in 1999 and 2000 (see reference 41). These were clarifications to the written text and did not affect the actual methodology. It should be noted that the ISO Standards are now used world-wide with the exception of the USA and Japan where the slightly different FTC and Japanese methods, respectively, continue to be used (Table 1) . Japan is likely to change to the ISO Standard in 2002. It should also be noted that the FTC has now suspended support for its method, has not completed an inquiry into whether there might be a better method, and has recommended that Congress consider giving authority over cigarette testing to a public health federal government agency (52b).
THE SIGNIFICANCE OF SMOKE YIELDS DETERMINED BY STANDARD SMOKING-MACHINE METHODS
Cigarettes are, of course, smoked by humans and humans smoke cigarettes in a variety of ways. It is well known that no two smokers smoke in identical ways; no single smoker smokes in the same way on all occasions. This was recognised by the FTC in 1967 (22, 29) and it is currently stated by the FTC (52). The yield of components in cigarette mainstream smoke depends upon the volume of puffs taken, the shape of the puff profile (the flow/time relationship), the number and frequency of puffs and the butt length left at the end of smoking (e.g. 53, 54) . The variations of smoking parameters observed with individual smokers are in the ranges of 20 to 80 mL for puff volume, 0.8 to 3.0 s for puff duration, 20 to 100 s for puff interval and 19 to 40 mm for butt length (e.g. 4, 34, [53] [54] [55] [56] .
As acknowledged by BIALOUS and YACH (1), the smokingmachine standards were developed specifically to determine smoke yields from cigarettes when the cigarette is smoked under a set of standard conditions. The standard smoking methods are reliable, validated analytical procedures for accurately determining mainstream yields of "tar", nicotine and carbon monoxide. Mainstream smoke yields determined by the standard smoking methods are appropriate for the ranking of cigarettes with respect to their yield. The specified smoking parameters, i.e. puff volume, duration, interval, etc., are well within established ranges of human smoking as indicated above. However, the smoke yields determined by the standard smoking methods do not necessarily correspond to the yields created by individual smokers. Smokers not only smoke different brands differently but they also smoke the same brand differently depending on a host social and environmental variables. As indicated in Section 3.1 above, these factors were transmitted to the FTC by the US tobacco industry in the mid 1960s and were well recognised by the FTC. The FTC stated clearly in 1967 (22, 29) that the purpose of measuring smoke yields by the standard method was "not to determine the amount of 'tar' and nicotine inhaled by any human smoker, but rather to determine the amount of 'tar' and nicotine generated when a cigarette is smoked by machine in accordance with the prescribed method." Other government committees have also recognised this purpose. For example the UK Independent Scientific Committee on Smoking and Health, which advised the UK government, made the following statement on machine-derived smoke yields in 1988 (57):
Critics of the machine smoking procedure have frequently failed to understand that values present in tables produced by the DHSS [Department of Health and Society Security] have never been intended to be actual yields obtained by any one smoker. Rather, they enable brands to be ranked. This allows inter-brand comparison under a standard test procedure, presenting the smoker with information to enable him to choose, if he so wishes, a lower yielding brand.
The main points were reiterated in a short position paper published by CORESTA in 1994 (58) which stated:
Mainstream yields determined by the standard smoking methods are appropriate for the ranking of cigarettes with respect to their yield. The machine results are not necessarily predictive of yields created by individual consumers.
The situation is analogous to the methodology used to measure fuel consumption in cars in several countries.
These fuel consumption data are determined under standard conditions of car velocity. No driver expects to match these on every occasion when a particular car model is driven; nor would two drivers expect to obtain identical figures when driving the same car. What is achieved by fuel consumption figures is a meaningful comparison of different models of car under standard conditions. In practice, with cigarette smoking some smokers achieve "tar" and nicotine yields greater than those from the standard smoking method, while others achieve lower ones (e.g. 59). Rankings based upon standard methods give the consumer good qualitative guidance on relative cigarette mainstream smoke yields, but they are not necessarily predictive of absolute yields for each individual smoker. Table 2 . However, the suggestion has not been developed further and a final decision from the FTC is still awaited. In the meantime, however, some regulatory authorities have introduced "intense" smoking regimes that incorporate extremes of puff volume, duration and frequency observed in human smoking, summarised in Table 2 . These regulators include the federal government of Canada, the provincial government of British Columbia, and the health authorities of the Commonwealth of Massachusetts. These intense smoking regimes give, in absolute terms, larger mainstream smoke yields than the current ISO standard method. However, extensive smoke data obtained under different smoking machine regimes in studies conducted in the USA, UK and Canada indicate that product ranking obtained under different regimes are broadly similar (24, 54, (61) (62) (63) (64) (65) (66) . This is not the case when 100% of the filter ventilation zone is blocked (64) (65) (66) , but such a condition is rarely obtained with human smokers (47) . Some of the intense smoking regimes summarised in Table  2 include the blocking of the cigarette filter ventilation zone. KOZLOWSKI and O'CONNOR (67) have also suggested a "two stage" machine-smoking method that would progressively increase the intensity of the smoking regime as the standard smoke yields decreased, and could include blocking 50% of the filter vents. However, care should be taken in combining unrealistic vent blocking conditions with intense puffing regimes because these will lead to disproportionately high and misleading effects on yields compared to the human smoking situation (47). and on page 98 they make reference to ". . . the determination of standards by the [tobacco] industry, without the participation of other interested parties . . ." As indicated in Section 3.1 above, the FTC determined its method in 1966 (28). The FTC method actually preceded the CORESTA method (42) by more than two years. On page 99 BIALOUS and YACH state that ". . . CORESTA resists any interference with its proposed standards, and make efforts to keep overall control of the situation and the outcomes of ISO meetings". To support this assertion they quote three sentences from the minutes of the CORESTA Scientific Commission meeting held in Japan on 3 November 1996:
"The subgroup routine analytical chemistry has prepared a series of editorial updates of the smoking methods. Shortly before the ISO meeting in Williamsburg in October 1996, the British body (BSI) sent a number of proposals on the same topic and at the meeting it was clear that some non-CORESTA participants, in particular government labs, were eager to have their say, with the support of ISO itself. "After the meeting of ISO, it is clear that if the CORESTA methods and ISO standards are to remain close or identical, it is not desirable to publish revised CORESTA methods immediately, but to hand out a draft and wait for eventual ISO amendments, then publish a revised version very close to the ISO revised standard."
I was president of the Scientific Commission in 1996 and chaired the meeting quoted above. The broad facts are that the ISO machine-smoking standards published in 1991 (41) were approaching their five-year review (see Section 3.4 above). ISO had asked all its 33 national standard organisations, and CORESTA (a liaison member), to submit any revisions which were considered necessary. The Routine Analytical Chemistry Sub Group within CORESTA submitted several revisions, mostly clarification points on methodology and a suggestion that the chemical analysis of nicotine in the method should be based on capillary column gas chromatography rather than packed column gas chromatography. Various national standards organisations also submitted their suggested revisions to ISO. The BSI committee, consisting of representatives of four UK tobacco companies and the Laboratory of the Government Chemist, submitted a list of small editorial/clarification revisions. Since both the CORESTA Routine Analytical Chemistry Sub Group and the BSI sets of revisions had come from some of the same laboratories by different routes, the CORESTA Scientific Commission wanted to ensure that revisions to the CORESTA methodology were consistent with revisions to the ISO methodology. BIALOUS and YACH do not quote the next sentence in the minutes in which it is stated that ". . . the final revised version of the CORESTA smoking methods be published only after ISO's additional amendments will be known (sic)". Indeed, that is exactly what happened. In other words, CORESTA postponed an update to the existing CORESTA methodology until ISO had finished its deliberations. Once the ISO process was completed, CORESTA updated its own methods in order to ensure that the issues covered in ISO were adequately covered in the CORESTA methods. This has been a lengthy explanation of a relatively small point. However, I have given it in some detail to show that BIALOUS and YACH, by selectively quoting part of a document and without putting it into context, are wrong to assert that CORESTA strives to control the outcome of ISO matters. BIALOUS and YACH also quote another section from the same minutes, on the subject of the development of methods for smoking "roll-your-own" tobacco products, when ". . . the matter of participation of non-CORESTA bodies" was discussed. As president of the Scientific Commission of CORESTA, I felt that all laboratories having relevant facilities should participate in CORESTA's work, whether or not they were actually members of CORESTA. Indeed, at that meeting it was recommended that the UK Laboratory of the Government Chemist and the German DIN be invited to participate in the collaborative experiments. Since that Scientific Commission meeting in 1996, several other non-CORESTA member laboratories in the UK, USA and Canada have also been invited to participate in the development of a variety of CORESTA methods: sidestream smoke, special analytes and pesticides. If BIALOUS and YACH had read or quoted minutes from other Scientific Commission meetings they would have realised that their claim that ". . . CORESTA resists any interference with its proposed methods" is not supported by the facts. On page 98 of their article, BIALOUS and YACH (1) note that the chairman of ISO Technical Committee 126 is P.I. Adams and that he used to work for Imperial Tobacco, UK, has a patent on a ventilated cigarette filter, and was a former president of the CORESTA Technology Group. They do not note that this is the very same P.I. Adams who presented the paper on human smoking data (34) at the 1966 Tobacco Chemists' Research Conference in the USA, referred to in Section 3.1. In fact Adams was one of the pioneers in the study of human smoking behaviour and went on to conduct and publish other studies on the subject (68) (69) (70) . BIALOUS and YACH make no further comment on Adams' background but it appears in the middle of a section where they appear to infer that the tobacco industry has undue influence over ISO's activities. It is entirely logical and desirable that the chairman of the ISO Tobacco Committee should be a recognised and respected expert in tobacco science. This is completely consistent with the situation within the other 186 Technical ISO Committees, where the chairman is of course an expert on the subject matter of the committee, obtained through work within the relevant industry or research organisation. Adams' scientific background in human smoking behaviour is highly relevant to smoking-machine methodology. Indeed, it is difficult to think of a more suitable background. He has been involved with ISO work since 1973 and, as chairman, has provided unbiased and expert guidance to all of the work of ISO Technical Committee 126 over the last sixteen years.
On page 97 of their article BIALOUS and YACH (1) state that ". . . cigarette design has been used to 'cheat' the smoking machine, providing lower tar and nicotine readings by machine versus human smoking, a fact that has also been widely discussed in the scientific literature." They repeat the cheating allegation again in their discussion of ventilated filter cigarettes on page 100 where they state:
Holes in cigarette filters were invented to 'cheat' smoking machines that measure tar and nicotine yield by allowing air to flow into the machine and diluting the concentration of cigarette smoke components. It has been demonstrated that human smokers compensate for lower delivery by, among other things, blocking those holes.
The first sentence of this latter quotation is an incorrect statement. The second sentence is a partial statement of fact in which tobacco industry scientists were amongst the first to publish in the scientific literature (e.g. 71) and have recently published reviews on the subject (47, 56) . Filter ventilation is one of a variety of cigarette design tools used to reduce the yields of "tar" and other components in cigarette smoke. Other techniques include filters, modified cigarette paper and modified forms of tobacco and tobacco blends. All of these techniques are well documented in the scientific literature, see for example, (72) and (73) . Lower "tar" cigarettes have been developed in response to a variety of health and regulatory authorities over the last forty years. To suggest that such cigarettes are deliberately designed to cheat the consumer is simply untrue. This critique of some of BIALOUS and YACH's statements is partial. It has been done to illustrate that by juxtapositioning isolated quotations from selected documents, without setting them in context, they have come to wrong conclusions and made statements that are misleading or untrue.
HEALTH CLAIMS ABOUT LOW "TAR" CIGARETTES
On page 97 of their article, BIALOUS and YACH (1) state, quite correctly, that: "No health claims can be made based on the ISO/FTC tar and nicotine yield measurements." Later in their article, on page 101, they state that the tobacco industry promotes low "tar", or "light" cigarettes ". . . insinuating health benefits from these lower tar and nicotine products, when no health benefits exist." In this Section, two aspects will be briefly explored: (i) who has made the claims that lower "tar" cigarettes are a less hazardous form of smoking, and (ii) whether such claims are justified.
Statements made by health scientists and authorities
In 1957 WYNDER et al. (74) reported that carcinoma production in mouse-skin painting experiments with cigarette smoke condensate showed a dose response and prompted them to state at the time:
Although it is difficult to estimate a comparable exposure for man, the human data in line with the animal data indicate that a reduction in total tar reduction will be followed by a decrease in tumor formation. For this reason, measures directed towards this reduction are of utmost importance.
Other studies over the next eight years confirmed the doseresponse results of WYNDER et al. (75) . WYNDER, at the time working at the Sloan-Kettering Institute for Cancer Research in New York, was one of the pioneers in the epidemiology of smoking and lung cancer as well as research on the carcinogenesis of tobacco smoke. In a paper in the British Medical Journal in 1957 (76) he suggested that filters on the cigarette which would reduce the "tar" levels in smoke by 40% should be used (at that time most cigarettes were unfiltered).
In the UK in 1962 the first Royal College of Physicians report on smoking and health (77) recommended the use of filter cigarettes for smokers who could not quit, because of their generally lower "tar" content than plain cigarettes. The report also recommended that the government should measure and publish the "tar" and nicotine content of cigarette brands. Reviewing all of the available evidence from biological testing and the epidemiology of lung cancer in their classic 1967 book on tobacco smoke (75), WYNDER and HOFF-MANN wrote that ". . . a reduction of 'tar' yields of cigarettes must be a major aim in this area of research." [They were referring to research on cigarette filters in tobacco companies.] In 1976 GORI, of the National Cancer Institute in Bethesda, MD, USA, published a paper in which he analysed published epidemiological data on smoking and lung cancer (78) . He concluded that the reduction of the total "tar" content of cigarette smoke should result in a reduction in the disease incidence.
In 1975 the World Health Organisation (WHO) recommended (79) that ". . . those who are unable to stop smoking should try to reduce their exposure to such harmful substances in smoke as tar, nicotine and carbon monoxide". They also recommended that legislation action should be considered ". . . to adopt a system of differential taxation so as to discourage the smoking of cigarettes with a relatively high tar, nicotine, and carbon monoxide yield." Again, in 1979 the WHO reiterated these recommendations and they also recommended (80) that:
Upper limits should be established for appropriate emission products of cigarettes. These limits (currently for tar, nicotine, and carbon monoxide) should be progressively lowered as rapidly as possible. This is, in fact, precisely what the European Union has done, with its "tar" ceiling of 15 mg, introduced in 1993, lowered to 12 mg in 1999 and then to 10 mg in the next four years. In 1985 PETO and DOLL (81) examined the trends in the epidemiology of smoking and lung cancer, including information on the epidemiology of smoking low "tar" cigarettes. In the article they went on to suggest ways in which governments should discourage people from smoking. They stated:
Another message that we must get across (at least to governments, although perhaps not to individual smokers) is the importance of decreasing tar-deliveries. The epidemiological evidence strongly suggests that, even without any substantial changes in cigarette sales, practicable reductions in tar levels may help to reduce lung-cancer mortality.
They concluded their paper with the statement:
[ (49), stated quite unambiguously that "the higher the tar content of smoked tobacco, the greater the risk of lung cancer". In 1998 the UK Scientific Committee on Tobacco and Health reiterated the advice when it concluded: "A policy of further tar reductions in manufactured cigarettes should be pursued without compromising the message of the importance of not smoking" (83) . As a result of such statements from the health community, government agencies world-wide started to produce lists of the "tar" yields of cigarettes. From 1972 in the UK, for example, the Department of Health and Social Security (DHSS) began publishing tables which ranked the "tar" yields of brands in ascending order. These tables were displayed in posters and leaflets in doctors' surgeries, hospitals, clinics and pharmacy shops across the UK (84) . The tables were accompanied by simple advice to smokers, essentially to give up smoking but if the individual continues to smoke they should smoke fewer cigarettes, leave longer butt lengths and select brands with "tar" yields as low as possible. It was also pointed out that small differences in "tar" yields of up to 2 mg were probably insignificant. The DHSS tables also divided the cigarettes into high, middle or low "tar" brands -see Table 3 . Ironically, these DHSS tables were probably the first publication to use the term "low tar" in the UK So how did the tobacco industry react to this consistent advice from eminent scientists and health authorities over more than forty years, to reduce the "tar" level of cigarette smoke? Has the tobacco industry itself claimed that low "tar" cigarettes are safer? In many countries the "tar" levels in cigarette smoke have been gradually reduced. Data for reductions in the US market are summarised in (23) . In the UK the development of lower "tar" cigarettes has been undertaken in association with various government bodies, in particular the UK Independent Committee on Smoking and Health. The reductions in "tar" yields have been accomplished by the use of filters and filter ventilation, modified cigarette paper and modified forms of tobacco and tobacco blends (e.g. 72 and 73).
In the UK the sales-weighted average "tar" level has fallen from 35 mg in the early 1960s to 10 mg today (85). A "tar" ceiling of 15 mg was introduced for all cigarettes sold in the European Community in 1993, reducing to 12 mg in 1997, i.e. all cigarettes sold must have a "tar" yield below 12 mg. This will be reduced to 10 mg in the next four years.
Smoker compensation
Of course, all of the above recommendations on reducing "tar" assume that smokers do not fully compensate for the "tar" reduction by smoking more cigarettes or puffing harder. Compensation has been studied for decades, (e.g. 71) , and was considered as part of the UK's product modification programme (82) . That programme determined that while compensation was likely to occur to some extent, it was not complete and hence lower "tar" was likely to be associated with some reduction in risk for some diseases (86, 87) . SCHERER has recently reviewed all of the scientific literature on smoking compensation (56) . He concludes that while human smoking behaviour is highly variable, on average partial compensation does occur shortly after smokers switch to cigarettes with different yields to their usual brand. Changes in the puff volume are the most probable mechanism of compensatory smoking. From all of the data taken as a whole, it would appear that the mean compensation is about 50%. Thus, for example, on average a smoker who switches to a cigarette with a "tar" yield 50% lower than his/her current brand as measured on a smoking machine (ISO standard conditions) will actually receive a "tar" yield 25% lower than that received from their original cigarette. Consequently, it may be expected that, in general, smokers switching from a higher to a lower "tar" yield cigarette will obtain a reduction in smoke component uptake. There were no data available in SCHERER's review on whether smokers who had switched for a long time, or smokers who only ever smoked very low "tar" cigarettes, had different smoking behaviours to short-term switchers. More research is needed to assess the actual amount of smoke taken by people who smoke very low "tar" cigarettes.
Statements on the effect of smoking reduced "tar" cigarettes
As a result of the "tar" reduction programme in the UK, and including knowledge of the partial compensation that occurs in smokers, the Independent Scientific Committee on Smoking and Health (ISCSH) concluded in 1988 (88):
We consider that past reductions in the yields of tar and associated cigarette smoke components have reduced the risk of lung cancer and possibly of chronic obstructive airways disease. We would expect future reductions to further reduce these risks. Past reductions on the other hand have probably had little impact on the incidence of ischaemic heart disease. We conclude that overall the lower tar policy has been beneficial to the health of the public.
The ISCSH (89) also recommended that "Government and the tobacco industry should consider what further action could be taken to persuade more smokers to favour low tar brands". The ISCSH consistently advised people not to smoke but ". . . to encourage health-conscious but recalcitrant smokers, new products were introduced in the low tar band (<10 mg/cigarette) and smokers were encouraged by advice and selective advertising to switch to them" (87) . (87) in which they considered both partial compensation and epidemiological trends, also made the point that the reduction in the "tar" levels of cigarettes had contributed to ". . . reducing lung cancer mortality, especially in the younger age group (who have not been exposed to high tar products in their shorter smoking history) . . ." The US National Cancer Institute made a more cautious statement on the health benefits of low "tar" cigarettes in 1996 (60):
The smoking of cigarettes with lower machine-measured yields has a small effect in reducing the risk of cancer caused by smoking, no effect on the risk of cardiovascular diseases, and an uncertain effect on the risk of pulmonary disease. A reduction in machine-measured tar yield from 15 mg tar to 1 mg tar does not reduce relative risk from 15 to 1.
Comments by tobacco industry scientists
The above statements on the possible health benefits were made by health experts and not by the tobacco industry. To my knowledge, no overt statement has ever been made by the tobacco industry to the public (consumers or the scientific community) that smoking a low "tar" cigarette is a safer form of smoking. The only statement of any relevance that I am aware of was published in 1978 by Dr. S.J. Green, Director of Research and Development of British American Tobacco. In a paper on the ranking of "tar" and nicotine yields from UK cigarettes by the UK Department of Health and Social Security, DHSS, (59) he commented:
Presumably the main objective in publishing the ranking of cigarette brands . . . is to encourage smokers to choose their cigarettes using better information. There is some evidence (Hammond et al, 1976; Dean et al, 1977; Bross and Gison, 1986; Wynder, Mabuchi and Beattie, 1970) which some interpret to show that the incidence of diseases associated with smoking should be reduced when cigarettes with lower deliveries of some components are smoked. If this is correct it may be argued, therefore, that it is reasonable to encourage smokers to reduce the general level of tar available for inhalation. If the information in ranking tables helps smokers so to choose it may be considered that, as a far as simple tables (such as the DHSS list . . .) are concerned, there is some degree of validity.
This very cautious statement, in a scientific book, is hardly supportive of BIALOUS and YACH's allegation (1) that the tobacco industry "claims that cigarettes with lower levels of tar and nicotine were less harmful". However, the statistics that demonstrate the real increased risks of smoking also show that these risks are lower in groups of people who smoke less, start smoking later, quit earlier and smoke fewer cigarettes. Given such doseresponse relationships, it might be thought logical that less smoke from lower "tar" cigarettes would be associated with less risk than more smoke from higher "tar" cigarettes. The science is not sufficiently developed to demonstrate whether or not this is the case for very low "tar" cigarettes.
CONCLUSIONS
a) The techniques relevant to the machine-smoking of cigarette were developed and refined throughout the 20th century. The first standard was specified by the FTC in the USA in 1966. The CORESTA Recommended Method, similar in many respects to that of the FTC, was developed after the FTC Standard and was published in 1969. b) Although the specified puffing parameters were essentially identical, there were differences in the smoking-machine conditions, the method of smoke collection, analysis and butt lengths specified in the various standards of the FTC, CORESTA, ISO, and those used in the UK, Germany, Canada, Australia, New Zealand and Japan. These differences resulted in about a 10% difference in the "tar" yields of a cigarette measured using the different standards. These differences in methodology were harmonised in a common ISO Standard Method in 1991, following a considerable amount of inter-laboratory comparisons of the developing methodology undertaken by CORESTA. c) Following revision of the ISO Standard Method, various countries changed their standard method to the ISO Standard Method in the early 1990s. As a result of this, machine smoke yields of some brands determined in the UK, for example, decreased by up to 0.5 mg "tar", while smoke yields determined in Canada, for example, increased by up to 3 mg "tar" for some brands. In the USA the slightly different FTC Standard still continues to be used, while Japan continues to use different butt lengths in its standard (Table 1) -Japan is likely to change to the ISO Standard in 2002. d) The purpose of the smoking-machine standards is to determine the "tar", nicotine and carbon monoxide content of cigarette smoke when the cigarette is smoked under precisely defined conditions, and hence to allow a comparison of the yields from different cigarettes. Such yields are not predictive of the yields humans obtain when smoking, nor were they ever expected to be so, since no two smokers smoke exactly the same nor does a smoker smoke a cigarette the same way on every occasion. This purpose has been stated consistently many times, originally by the FTC in 1967, and subsequently in the scientific literature, published by the tobacco industry and health/regulatory authorities, over the last 35 years. e) Compensation by smokers when switching to a low "tar" cigarettes has been discussed in the scientific literature for almost 40 years. The phenomenon was first published by the tobacco industry and tobacco industry scientists have published many papers on the subject. The available evidence, albeit limited, indicates that compensation is partial in the short term (up to a few weeks), and that smokers switching from a higher to a lower "tar" yield cigarette do obtain a reduction in smoke yield. f) Since the 1950s numerous public health scientists have advocated that lower "tar" cigarettes should be developed on the grounds that they may represent a less hazardous form of smoking. Health authorities have consistently advised smokers to quit, but for those who choose to continue to smoke that they should smoke lower "tar" cigarettes (while at the same time advocating that the best way to avoid risks is not to smoke). The tobacco industry has responded to these health authorities by developing cigarettes with lower "tar" but has also followed public health advice by not advertising lower "tar" cigarettes as safe cigarettes. g) By ignoring much of published scientific literature, and concentrating on a few highly selective quotations from internal company memos, BIALOUS and YACH (1) have, perhaps inadvertently, made factual errors, drawn wrong conclusions, and written inaccurate statements on many aspects of the subject.
